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ABS TRACT 

It i s  shown t h a t  l u n a r  e x p l o r a t i o n  u n d e r  e a r t h s h i n e  
c o n d i t i o n s  does  n o t  e l i m i n a t e  t h e  problems e n c o u n t e r e d  d u r i n g  
t h e  l u n a r  day such  as ( a )  t h e  d e c r e a s e  i n  v i s i b i l i t y  due t o  
i n c r e a s i n g  s u n  e l e v a t i o n  toward t h e  l u n a r  noon,  and ( b )  t h e  
r e s t r i c t i o n s  imposed by t h e  thermal envi ronment  a round t h e  
l u n a r  noon on t h e  a s t r o n a u t s  as w e l l  as on t h e  equ ipmen t .  

s u r f a c e  might  be  s u f f i c i e n t  t o  e n a b l e  " u s e f u l "  work t o  be  
done a round f u l l - e a r t h  c o n d i t i o n s .  However, f o r  a g i v e n  s i t e  
l o c a t i o n  on t h e  moon t h e  e a r t h  e l e v a t i o n  a n g l e  i s  f i x e d .  
e a r t h  e l e v a t i o n  a n g l e s  are p re fe r r ed  f o r  g rea t e r  i l l u m i n a t i m  
l e v e l s  b u t  h i g h  e a r t h  e l e v a t i o n  a n g l e s  mean d e c r e a s i n g  v i s i b i l i t y .  
The l u n a r  t h e r m a l  environment  d u r i n g  t h e  l u n a r  n i g h t  i s  as s e v e r e  
as d u r i n g  t h e  l u n a r  noon.  

The i n t e n s i t y  o f  e a r t h s h i n e  i l l u m i n a t i o n  o f  t h e  l u n a r  

High 

It i s  s u g g e s t e d  t h a t  a p o s s i b l e  s o l u t i o n  t o  t h e  above 
problems might  b e  o b t a i n e d  by c o n d u c t i n g  t h e  l u n a r  e x p l o r a t i o n  
phase  toward  t h e  l u n a r  dusk  a f t e r  l a n d i n g  on t h e  l u n a r  s u r f a c e  
d u r i n g  t h e  l u n a r  a f t e r n o o n .  T h i s  approach  w i l l  need  a t h o r o u g h  
i n v e s t i g a t i o n  of  t h e  glare  problem d u r i n g  a l a n d i n g  i n t o  t h e  s u n ,  
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I N T R O D U C T I O N  

After t h e  f i r s t  s u c c e s s f u l  b u t  b r i e f  manned l u n a r  
l a n d i n g ,  t h e  emphas is  of t h e  Lunar E x p l o r a t i o n  Program w i l l  
b e  i n  t h e  d i r e c t i o n  of  i n c r e a s e d  s t a y t i m e  on t h e  l u n a r  s u r -  
f a c e  as w e l l  as v i s i t i n g  some more c h a l l e n g i n g  and s c i e n t i f -  
i c a l l y  i n t e r e s t i n g  a r e a s  of t h e  Moon. The i n c r e a s e d  s t a y t i m e  
on t h e  l u n a r  s u r f a c e  might  be  o f  s e v e r a l  d a y s  d u r a t i o n .  I f  
t h e  p h i l o s o p h y  of t h e  Lunar E x p l o r a t i o n  Program f o l l o w e d  t h e  
c o u r s e  c h a r t e r e d  by t h e  f i r s t  l a n d i n g  m i s s i o n ,  t h e n  t h e  l a n d i n g  
on t h e  l u n a r  s u r f a c e  would o c c u r  c l o s e  t o  t h e  morning t e r m i n a t o r  
alzd t h e  e x p l o r a t i o n  g h a s e  o f  t h e  m i s s i o n  would p roceed  toward  
t h e  l u n a r  noon,  The l a n d i n g  n e a r  t h e  t e r m i n a t o r  i s  d i c t a t e d  
by t h e  v i s i b i l i t y  c o n d i t i o n s  on t h e  Moon. The b e s t  v i s i b i l i t y  
of  t h e  l u n a r  s u r f a c e  ( low sun e l e v a t i o n  a n g l e )  w i l l  be  r e q u i r e d  
f o r  l a n d i n g s  a t  some of t h e  p o t e n t i a l  l a n d i n g  s i t e s  because  o f  
t h e  i n c r e a s e  i n  h a z a r d s  s u r r o u n d i n g  these  s i t e s .  

However, w i t h  i n c r e a s i n g  s u n  e l e v a t i o n  toward t h e  l u n a r  
noon, i t  i s  g e n e r a l l y  a g r e e d ,  t h e  v i s i b i l i t y  o f  t h e  l u n a r  s u r f a c e  
w i l l  d e c r e a s e  because  of l a c k  of  g e o m e t r i c  shadows. Thus,  t h e  
a s t r o n a u t s  may e n c o u n t e r  some problems i n  i d e n t i f y i n g  and p r o p e r -  
l y  c a t a l o g i n g  c e r t a i n  areas on t h e  MQon under  t h i s  c o n d i t i o n ,  
F u r t h e r m o r e ,  t h e  thermal environment  a round  t h e  l u n a r  noon might  
p o s e  some s e v e r e  r e s t r i c t i o n s  on t h e  a s t r o n a u t s  as w e l l  as on 
t h e  equipment ,  Lunar s u r f a c e  b r i g h t n e s s  t e m p e r a t u r e s  c a l c u l a t e d  
f rom t h e  Surveyor  s p a c e c r a f t ' s  da t a  i n d i c a t e  s t r o n g  dependence on 
a s u n  e l e v a t i o n  a n g l e  and on a d i r e c t i o n a l  e m i s s i o n  of t h e  l u n a r  
s u r f a c e ,  A t  l u n a r  noon t h e  s u r f a c e  b r i g h t n e s s  t e m p e r a t u r e  r i s e s  
o v e r  200°F, and t h e  d i r e c t i o n a l  e m i s s i o n  o f  t h e  l u n a r  s u r f a c e  i s  
predominant  i n  t h e  morning ,  These h i g h  t e m p e r a t u r e s  g i v e  r i s e  
t o  a n  i n d i r e c t  i n f r a r e d  r a d i a t i o n  f rom t h e  s u r f a c e  which,  t o g e t h e r  
w i t h  t h e  d i r e c t  s o l a r  r a d i a t i o n ,  w i l l  impinge  on t h e  a s t r o n a u t  
and t h e  s u r r o u n d i n g  equipment .  The r o u g h e r  topography o f  t h e  
p o t e n t i a l  l a n d i n g  s i t e s  might be even  a g r e a t e r  h a z a r d  from t h e  
thermal  l o a d  c o n s i d e r a t i o n s  because  of t h e  d i r e c t i o n a l  e m i s s i o n  
of  t h e  l u n a r  s u r f a c e .  

These two problems,  t h e  v i s u a l  t ask  d e g r a d a t i o n  and 
t h e  p o s s i b l e  u n b e a r a b l e  t h e r m a l  l o a d ,  i n c r e a s e  d u r i n g  t h e  p e r i o d  
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t oward  t h e  l u n a r  noon,  g i v e  a j u s t i f i c a t i o n  t o  some o t h e r  
approaches  t o  t h e  manned l u n a r  e x p l o r a t i o n .  T h i s  memorandum 
r e p o r t s  on t h e  p o t e n t i a l  a d v a n t a g e s ,  d i s a d v a n t a g e s ,  and problems 
a s s o c i a t e d  w i t h  c o n d u c t i n g  l u n a r  e x p l o r a t i o n  m i s s i o n s  d u r i n g  
t h e  e a r t h s h i n e  phase.  E a r t h s h i n e  i n  g e n e r a l  i s  r e fe r r ed  t o  as 
t h e  i l l u m i n a t i o n  o f  t h e  s u r f a c e  o f  t h e  Moon by l i g h t  r e f l e c t e d  
f rom t h e  s u n l i t  s i de  o f  t h e  ea r th .  To a n  o b s e r v e r  on t h e  Moon, 
t h i s  i s  e x a c t l y  ana logous  t o  t h e  moon l igh t  on t h e  ea r th  d u r i n g  
t h e  n i g h t ,  b u t  i s  c o n s i d e r a b l y  b r i g h t e r .  T h i s  memorandum t r i e s  
t o  e s t a b l i s h  t h e  u s e f u l n e s s  of t h i s  s o u r c e  o f  i l l u m i n a t i o n  for 
manned l u n a r  e x p l o r a t i o n  d u r i n g  p e r i o d s  when t h a t  hemisphere  
o f  t h e  Moon i s  n o t  i n  d i r e c t  s u n l i g h t .  

F i r s t ,  t h e  l u n a r  envi ronment  d u r i n g  e a r t h s h i n e  i s  
d e f i n e d  w i t h  s p e c i a l  emphasis g i v e n  t o  t h e  areas of  t h e  p o t e n t i a l  
l a n d i n g  s i t e s .  D i s c u s s i o n  i s  c e n t e r e d  a round  t h e  e x p e c t e d  
s u r f a c e  b r i g h t n e s s  f o r  t h e  o b s e r v e r  v i ewing  h i s  s u r r o u n d i n g s  
on t h e  Moon, e s p e c i a l l y  t h e  dependence upon h i s  l o c a t i o n  on 
t h e  Moon and t h e  d i r e c t i o n  i n  which he  i s  l o o k i n g  a t  a p a r t i c u l a r  
t i m e .  

Next ,  t h e  o v e r a l l  m i s s i o n  c o n c e p t  o f  l u n a r  e x p l o r a t i o n  
i s  examined i n  view o f  t h i s  new l u n a r  envi ronment  and i t s  i m p a c t s  
on t h e  f l i g h t  hardware and  a s t r o n a u t  l u n a r  s u r f a c e  a c t i v i t i e s .  

THE INTENSITY OF EARTHSHINE 

From t h e  geometry o f  t h e  earth-moon s y s t e m  ( F i g u r e  l), 
i t  i s  s e e n  t h a t  e i t h e r  body w i l l  undergo changes  i n  phase as 
viewed from t h e  o t h e r  body. When t h e  o b s e r v e r  on e a r t h  sees  
t h e  new moon, t h e  moon sees t h e  f u l l  e a r th ,  and s o  f o r t h .  L i g h t  
r e f e c t e d  from t h e  f u l l  e a r t h  f a l l s  on t h e  d a r k  s i d e  of  t h e  moon 
and i l l u m i n a t e s  i t .  

It i s  c o n v e n i e n t  t o  s p e c i f y  t h e  p o s i t i o n  o f  t h e  moon 
i n  terms o f  phase a n g l e  8 ,  which i s  d e f i n e d  ( F i g u r e  1) as t h e  
a n g l e  a t  t h e  c e n t e r  o f  t h e  e a r t h  between t h e  d i r e c t i o n s  t o  t h e  
moon and t o  t h e  s u n .  T h i s  a n g l e  i s  z e r o  a t  new moon and i n c r e a s e s  
t o  180° a t  f u l l  moon.* The same c o n v e n t i o n  may b e  used  t o  s p e c i f y  
t h e  p h a s e  a n g l e  of t h e  e a r t h  as s e e n  from t h e  moon. It i s  s e e n  
f rom F i g u r e  1 t h a t  t h e  maximum i n t e n s i t y  o f  t h e  e a r t h l i g h t  o c c u r s  
a t  z e r o  phase  a n g l e  and  t ha t  i t  d i m i n i s h e s  w i t h  phase  a n g l e  as 
shown i n  F i g u r e  2 .  

* A c t u a l l y ,  t h e  phase  a n g l e  i s  z e r o  on ly  d u r i n g  an  e c l i p s e  
of t h e  s u n  and i s  180° on ly  d u r i n g  an  e c l i p s e  o f  t h e  moon. 
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The earth's ability to reflect sunlight onto the 
moon is a function of the albedo of the earth. The albedo 
of the earth has been established from earthlight studies by 
various workers in the field such as Dubois, Danjon, and Rdsch. 
For the purposes of this memorandum it is sufficient to say 
that the average value of the earth's albedo is 0.4 and that 
seasonal variations can cause the albedo to range from 0 . 5 2  
to 0 . 3 2 . "  

The intensity of the direct illumination from the 
earth will not be seriously affected by the observer's location 
on the moon. The phase of the earth and the degree of cloud 
cover will be the important factors governing the actual level 
of illumination. However, the manner in which the lunar sur- 
face appears to be illuminated will depend quite strongly on 
the observer's lunar location. The effect of a site location 
on earthshine illumination is shown in Figure 3. It is seen 
that if the landing occurs near the evening terminator then 
the preferred sites are the western sites (optimum at approx- 
imately 4 O O W )  where the contribution of earthshine is larger 
than at central or eastern sites. The earthshine contribution 
to surface illumination decreases with increasing latitude as 
shown in Figure 4 .  

The lunar surface brightness is dependent on the 
light source angle as well as the observer's viewing angle 
and the azimuth angle, The geometric configuration between 
light source and observer is shown in Figure 5 and the lunar 
surface brightness can be computed from known reflective proper- 
ties of the lunar surface given by the photometric function 
(Figure 6). 

For purposes of comparison of earthshine with familiar 
terrestrial conditions, Figure 7 shows the whole visual spectrum 
of brightnesses from the absolute threshold of seeing to the 
upper limit of visual tolerance. Thus, for an observer on the 
moon, earthlight at full earth should provide illumination such 
as experienced on well-lighted streets at night or during natural 
twilight conditions just after sunset or before sunrise, 

Lunar Surface Brightness by Earthshine 

The maximum brightness level that can be expected on 
the lunar surface due to earthshine is 1.25 to 2.4 ft-Lambert. 
This will occur exactly at a new moon or at zero phase angle. 

* 
In addition to seasonal variations, daily variations can 

be expected depending on the amount of cloud cover. 
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F o r  any o t h e r  phase  a n g l e  t h e  ea r thsh ine  i n t e n s i t y  d e c r e a s e s  
r a p i d l y  ( F i g u r e  2 ) .  The maximum b r i g h t n e s s  of  t h e  7% r e f l e c -  
t i n g  l u n a r  s u r f a c e  i s  t h e r e f o r e  

B = 2 . 4  f t - L  X 0 .07  = 0.168 f t - L  

as compared t o  a b o u t  1 , 0 0 0  f t - L  a t  maximum s u n l i t  l u n a r  sur- 
f a c e  luminance  (SA = 9 0 " ) .  The p e c u l i a r  r e t r o - r e f l e c t i v e  
p r o p e r t y  of  t h e  l u n a r  s u r f a c e  i s  dramatized i n  F i g u r e  8 .  It 
i s  s e e n  t h a t  t h e  b r i g h t n e s s  of  t h e  l u n a r  s u r f a c e  f a l l s  r a p i d l y  
f rom i t s  maximum v a l u e ,  w h i c h  o c c u r s  when t h e  v i e w i n g  a n g l e  
e q u a l s  sun  a n g l e .  Thus i f  the  maximum l u n a r  s u r f a c e  b r i g h t -  
n e s s  due t o  e a r t h s h i n e  should  be s u f f i c i e n t  f o r  t h e  l u n a r  
e x p l o r a t i o n  work t h e n  i t  must b e  d i r e c t e d  s o  t h a t  i t  c o i n c i d e s  
w i t h  t h e  a s t r o n a u t ' s  v iewing  a n g l e .  T h i s  i s ,  however,  p r e c i s e l y  
t h e  c o n d i t i o n  of washout or z e r o  c o n t r a s t ,  F u r t h e r m o r e ,  t h e  
e a r t h  e l e v a t i o n  a n g l e  i s  f i x e d  f o r  a g i v e n  s i t e  l o c a t i o n  on 
t h e  moon and t h u s  a c o n s t r a i n t  on t h e  r a n g e  o f  ea r th  e l e v a t i o n  
a n g l e s  w i l l  d i c t a t e  t h e  s e l e c t i o n  of  t h e  s i t e ,  For g r e a t e r  
i l l u m i n a t i o n  l e v e l s ,  h i g h  e a r t h  e l e v a t i o n  a n g l e s  a r e  p r e f e r r e d ,  
b u t  h i g h  ea r th  e l e v a t i o n  a n g l e s  mean l o s s  o f  g e o m e t r i c  shadows 
and c o n s e q u e n t l y ,  d e c r e a s i n g  v i s i b i l i t y .  

PERFORMANCE OF THE HUMAN EYE 

The pe r fo rmance  of t h e  eye  unde r  low i l l u m i n a t i o n  has 
b e e n  e x t e n s i v e l y  s t u d i e d  under l a b o r a t o r y  c o n d i t i o n s ,  It s h o u l d  
be unde r s tood  t h a t  d i s c r e p a n c i e s  between l a b o r a t o r y  and f i e l d  
c o n d i t i o n s  e x i s t ,  however,  t h e  c o n c l u s i o n s  r e a c h e d  under  l a b o r a -  
t o r y  c o n d i t i o n s  o f t e n  s u g g e s t  ideas  t h a t  c a n  be  t e s t e d  i n  more 
r e a l i s t i c  t r i a l s ,  A c o n s i d e r a b l e  amount o f  work by B l a c k w e l l  
has been  done on t e c h n i q u e s  of  s c a n n i n g  d u r i n g  t h e  d a y ,  I n  
r e c e n t  y e a r s  t h e  Armed Forces  d i r e c t e d  t h e i r  emphas is  t o  work 
on v i s u a l  s e a r c h  a t  n i g h t  o r  d u r i n g  r e d u c e d  i l l u m i n a t i o n .  

The V i s u a l  Thresho ld  C o n t r a s t  o f  t h e  Human Eye 

The t h r e s h o l d  c o n t r a s t  i s  a f u n c t i o n  o f  t h e  a d a p t a t i o n  
b r i g h t n e s s  and t h e  a n g l e  6 which t h e  o b j e c t  s u b t e n d s  a t  t h e  e y e ,  
The a d a p t a t i o n  b r i g h t n e s s  can b e  t h e  sky b r i g h t n e s s  or, i n  l a b o r -  
a t o r y  e x p e r i m e n t s ,  t h e  b r i g h t n e s s  of  t h e  background s c r e e n .  The 
a n g l e  6 i s  a f u n c t i o n  of t h e  o b j e c t  area A and  t h e  d i s t a n c e  R 
be tween t h e  o b j e c t  and t h e  o b s e r v e r ,  F o r  c i r c u l a r  t a rge ts*  

K 
6 = 3.88  - R 

where 6 i s  measured i n  minutes  of a r c ,  A i n  s q u a r e  meters, and 
R i n  km. 

* 
T h i s  r e l a t i o n s h i p  can a l s o  b e  used  f o r  s q u a r e  and n e a r l y  

s q u a r e  o b j e c t s ,  



BELLCOMM, I N C .  - 5 -  

11 It was found,  J .  J ,  Vos, e t  a l . ,  t h a t  t h e r e  i s  no 
sudden  b o r d e r l i n e  between t h e  r e g i o n s  of a b s o l u t e  v i s i b i l i t y  
and i n v i s i b i l i t y ,  b u t  t h e r e  e x i s t s  a t r a n s i t i o n  zone w h e r e i n  
a n  o b s e r v e r  or a g roup  o f  o b s e r v e r s  can  see a n  o b j e c t  o n l y  
w i t h  a c e r t a i n  p r o b a b i l i t y ,  which i s  c a l l e d  t h e  p r o b a b i l i t y  
o f  s e e i n g ,  
t h e  l a r g e r  i s  t h e  s i g h t i n g  r a n g e  f o r  a g i v e n  t a rge t  s i z e ,  It 
i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  t h e r e  e x i s t s  a c e r t a i n  a n g l e  
'k' 
b r i g h t n e s s  BA, such  t h a t  d i f f e r e n t  r e l a t i o n s h i p s  between t h e  

t h r e s h o l d  c o n t r a s t  and  t h e  v i s u a l  a n g l e  6 a re  v a l i d  depend ing  
whether 6 i s  g r e a t e r  or smaller t h a n  t h e  c r i t i c a l  a n g l e  6 k .  

The approx ima te  r e l a t i o n s h i p  between t h e  c r i t i c a l  a n g l e  6 k  

and  t h e  a d a p t a t i o n  b r i g h t n e s s  BA i s  shown i n  F i g u r e  9 .  

The s m a l l e r  t h e  t h r e s h o l d  c o n t r a s t  o f  t h e  e y e ,  
pS 

c a l l e d  t h e  c r i t i c a l  a n g l e ,  which depends  on t h e  a d a p t a t i o n  

T a r g e t s  which subtend  an  a n g l e  6(BA) larger  t h a n  or 

k A  e q u a i  t o  6 (B ) are  c a l l e d  area t a r g e t s  and  t n o s e  for which 
6(BA) i s  smaller t h a n  6k(BA) are  c a l l e d  p o i n t  s o u r c e s ,  Fo r  
p o i n t  s o u r c e s ,  t h e  p roduc t  of  c o n t r a s t  and area of t h e  s t i m u l u s  
r e q u i r e d  f o r  50% d e t e c t i o n  i s  c o n s t a n t .  T h i s  r e l a t i o n s h i p  i s  
n o t  v a l i d  for area t a r g e t s ,  Per formance  of  t h e  human eye  f o r  
l a r g e  area p a t t e r n  r e c o g n i t i o n  w i t h  v a r y i n g  c o n t r a s t  i s  shown 
i n  F i g u r e  10. The maximum s i g h t i n g  r a n g e  becomes z e r o  when 
t h e  c o n t r a s t  of a t a r g e t  i s  e q u a l  t o  a t h r e s h o l d  c o n t r a s t  v a l u e  
o f  t h e  human eye .  The a d a p t a t i o n  b r i g h t n e s s  a t  which t h i s  w i l l  
happen f o r  a c e r t a i n  t a r g e t  w i t h  a g i v e n  c o n t r a s t  may be c a l l e d  
t h e  s p e c i f i c  a d a p t a t i o n  b r i g h t n e s s .  F i g u r e  11 shows t h e  s p e c i f i c  
a d a p t a t i o n  b r i g h t n e s s  a s  a f u n c t i o n  of  t h e  v i s u a l  a n g l e  s u b t e n d e d  
by t h e  t a r g e t  a t  t h e  eye for c o n t r a s t  v a l u e s  o f  1 . 0  and 0.4 
( u s i n g  t h e  data  o f  Vos e t  a l .  f o r  a v e r y  small  p r o b a b i l i t y  o f  
s e e i n g ) .  It i s  s e e n  t h a t  t h i s  b r i g h t n e s s  d e c r e a s e s  w i t h  l a r g e r  
6 and t h e  c u r v e s  approach  h o r i z o n t a l  a s y m p t o t e s  f o r  l a r g e r  v a l u e s  
o f  6 .  Below t h e  s p e c i f i c  a d a p t a t i o n  b r i g h t n e s s  c o r r e s p o n d i n g  t o  
these  asympto te s ,  no o b j e c t  c a n  b e  s e e n  any more,  F o r  compar- 
i s o n  w i t h  o t h e r  p u b l i c a t i o n s ,  t h e  c o n v e r s i o n  t a b l e  f o r  t h e  com- 
monly used  u n i t s  of  b r i g h t n e s s  may be u s e f u l  (Tab le  1). 

I n  d a y l i g h t  v i s i o n ,  t h e  o b j e c t  o f  s c a n n i n g  i s  t o  b r i n g  
t h e  image of each  p a r t  o f  t h e  f i e l d  o n t o  t h e  most s e n s i t i v e  p a r t  
o f  t h e  r e t i n a  which i s  t h e  c e n t r a l  f o v e a .  Away from t h i s  v e r y  
small area,  a c u i t y ,  and c o r r e s p o n d i n g l y  t h e  r a n g e  a t  which a 
t a r g e t  can  b e  d e t e c t e d ,  f a l l  o f f  v e r y  r a p i d l y .  
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In night vision, on the other hand, the fovea is 
the least sensitive part of the retina. The most sensitive 
part is an annular area around the fovea, This area depends 
on the illumination, in general, the darker the surrounding 
the most sensitive part of the retina moves further from the 
fovea, and the most sensitive area gets larger, Because of 
this enlarged sensitive retinal area, close scanning during 
the night is unnecessary and the visual field can be cover- 
ed in a number of fairly large steps, If possible, the fix- 
ation points should be associated with definite objects in 
the field of view, 

Fairly rapid movement of the eyes is natural in 
scanning an area in daylight, however, when low illumination 
is the limiting factor in vision, then in order for the eye's 
capacity for temporal summation to have full effect it is 
desirable to fixate for longer periods. The threshold inten- 
sity is inversely proportional to the time for fixation times 
up to about 0.1 second and it is inversely proportional to 
the square root of that time for longer periods, up to 1 
second. Longer fi---"'-.- A ~ I , L U K I  l e a d s  to fading and shorter f i x a t i o n  
results in the loss of some available information. 

It is a well known fact that exposure to light re- 
duces the eye's sensitivity to faint illumination and it takes 
time to recover, e.g,, after leaving a lighted room at night, 
maximum sensitivity may not be reached until after twenty 
minutes in darkness. 

In a brief summary, the human eye is a very adaptable 
device. From the intensity of earthshine illumination of the 
lunar surface it can be concluded that it is sufficient to enable 
useful work. The word "useful" needs some more explanation, It 
certainly will be sufficient for astronauts walking on the sur- 
face as well as performing some simple tasks such as instrument 
deployment. Perhaps it might be necessary to use an artificial 
light source for some special occasions (very low albedos in 
certain areas). However, whether this lighting will be good 
for landing a spacecraft (LM o r  LFU) on the lunar surface is 
very doubtful.* F o r  greater illumination levels, larger earth 
elevation angles will be preferred, but high elevation angles 
(similarly high sun elevation angles during the day) mean 
decreasing visibility on the lunar surface because of the sur- 
face peculiar reflection properties. Simulation studies as 

~~ ~ 

% 
From Apollo 8 observations, it was possible to detemine 

features, craters, and terrain in the light available from the 
earth provided the crew was dark adpated, However, Col. Anders 
stated, IrI would definitely say that the night landing o r  landing 
on the moon in an earthshine condition would be unacceptable from 
a visibility standpoint." 
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w e l l  as more a c t u a l  v i s u a l  e x p e r i e n c e  from t h e  o r b i t i n g  CSM 
w i l l  be  r e q u i r e d  t o  de t e rmine  minimum luminance  l e v e l s  f o r  
safe  l a n d i n g  a t  a p rede te rmined  s i t e ,  

LUNAR THERMAL ENVIRONMENT 

The t e m p e r a t u r e  on t h e  l u n a r  s u r f a c e  depends  upon 
t h e  f o l l o w i n g  f a c t o r s :  

a .  I n c i d e n t  s o l a r  r a d i a t i o n  ( 2 . 0  c a l  min-l  a t  
t h e  s u b s o l a r  p o i n t ;  z e r o  beyond t h e  t e r m i n a t o r ) ,  

b .  Loca l  s u r f a c e  r e f l e c t a n c e  ( f rom d a t a  i n  t h e  v i s i b l e  
r e g i o n  of t h e  spec t rum,  t h e  r e f l e c t a n c e  of t h e  l u n a r  
s u r f a c e  v a r i e s  from 0 . 0 5  t o  0 . 1 7 ) .  The b r i g h t e r  areas 
( g r e a t e r  r e f l e c t a n c e )  a b s o r b  l e s s  of  t h e  i n c i d e n t  
s o l a r  r a d i a t i o n  than  t h e  darker  areas  (smaller r e f l e c -  
t a n c e ) .  Consequent ly ,  t he re  w i l l  b e  l o c a l  t e m p e r a t u r e  
v a r i a t i o n s  on t h e  Moon due t o  d i f f e r e n c e s  i n  s u r f a c e  
r e f l e c t a n c e .  The b r i g h t e r  a r e a s  w i l l  be c o o l e r  t h a n  
t h e  da rke r  a r e a s .  

e .  L o c a l  s u r f a c e  geometry - a p e r f e c t l y  smooth s p h e r i c a l  
s u r f a c e  would not  r e c e i v e  r a d i a t i v e  heat t r a n s f e r  
between any p a r t s  of  i t s  s u r f a c e  s i n c e  no p a r t  o f  
t h e  s u r f a c e  can  "see" any o t h e r  p a r t .  However, t h e  
l u n a r  s u r f a c e  i s  n o t  a smooth s u r f a c e  on a s c a l e  of 
k i l o m e t e r s  and t h e r e f o r e  a n  a p p r e c i a b l e  heat t r a n s -  
f e r  t akes  p l a c e  (concave  d e p r e s s i o n s ,  v a l l e y s ,  and 
c r e v i c e s  might become f o c a l  p o i n t s  f o r  r e f l e c t e d  
and r e rad ia t ed  solar  e n e r g y ) .  T h i s  might  have  t h e  
e f f e c t  o f  c a u s i n g  t h e  t e m p e r a t u r e s  of  such  f e a t u r e s  
t o  be h i g h e r  than t h a t  of t h e  s u r r o u n d i n g  l e v e l  areas 
h a v i n g  t h e  same r e f l e c t a n c e  and thermal  p r o p e r t i e s ,  

d .  L o c a l  thermal  p r o p e r t i e s  - t h e  i n c i d e n t  s o l a r  r a d i a t i o n  
t h a t  i s  abso rbed  by t h e  l u n a r  s u r f a c e  can  b e  a c c o u n t e d  
f o r  i n  t h e  f o l l o w i n g  manner:  

(1) r e r a d i a t e d  a t  t h e  l o c a l  s u r f a c e  t e m p e r a t u r e  

( 2 )  s t o r e d  i n  t h e  mater ia l  on t h e  l u n a r  s u r f a c e  

( 3 )  conducted  i n t o  t h e  i n t e r i o r  of  t h e  moon, 

The s i g n i f i c a n t  parameters f o r  d e t e r m i n i n g  t h e  l o c a l  
s u r f a c e  t empera tu re  are  E, e m i s s i v i t y  of  t h e  s u r f a c e ,  
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p ,  bulk density of the surface material, c, the 
specific heat, and k ,  the thermal conductivity, 
The parameters p ,  c, and k combine to form the 
quantity known as thermal inertia: 

This quantity can be evaluated by fitting theoret- 
ical temperature curves to measurements of lunar 
emission during eclipses and lunations, Such curves 
are shown in Figure 12 which shows the lunar surface 
brightness temperatures after sunset for Surveyors I, 
V, and VI. All the spacecraft-sensed lunar surface 
temperatures are consistent with an effective y of 
about 5 0 0 .  This is in contrast to a value of 1100 
predicted from earth-based eclipse data. Several 
possible explanations for this contradiction are 
given in Reference 24. 

(1) The landing site consists of rocks that cool 
slower than the surface, 

(2) An incorrect value of heat flow from the 
interior of the spacecraft compartments 
may have been used, 

(3) Radiation from the spacecraft may be heating 
the lunar surface in the immediate vicinity. 

(4) The telescope (earth-based data) was unable 
to resolve thermal inhomogeneities to a scale 
comparable with the Surveyor landing sites, 

The emissivity of the lunar surface is related to 
the surface reflectance which varies according to material 
composition, Until the day when a sample of the lunar surface 
can be analyzed, the emissivity can be only approximated, That 
is why all the calculations made from Surveyor data refer to the 
lunar surface brightness temperature - the temperature at which 
a blackbody would need to be operated in order to emit the same 
amount of radiation as the gray body being observed.* Figure 1 3  
compares the lunar surface brightness temperatures for Surveyors 
I, 111, V, and VI (NASA SP-166). At the subsolar point (lunar 
noon) the surface has the temperature of boiling water and it 

* 
This comparison is usually made in some narrow spectral 

interval. 
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f a l l s  t o  a b o u t  l O O O F  a t  a sun  e l e v a t i o n  a n g l e  of  a b o u t  20° 
and 160". A t  t h e  e v e n i n g  t e r m i n a t o r  t h e  t e m p e r a t u r e  f a l l s  
v e r y  r a p i d l y  f rom t h e  f r e e z i n g  p o i n t  o f  water a t  a r a t e  of 
a b o u t  10°F p e r  hour  and i t  r e a c h e s  minimum d u r i n g  t h e  l u n a r  
n i g h t  of abou t  -250'F. 

Due t o  t h e  n e g l i g i b l e  l u n a r  a tmosphe re ,  h e a t i n g  by 
c o n v e c t i o n  s h o u l d  n o t  b e  a p rob lem,  It a p p e a r s  t h a t  l o c a l i z e d  
" h o t  s p o t s "  can  a r i s e  due t o  p u r e l y  g e o m e t r i c a l  e f f e c t s ;  namely,  
l o c a l  s l o p e s  c a u s i n g  t i l t i n g  of t h e  l o c a l  s u r f a c e  toward  t h e  s u n  
and l o c a l  topography a c t i n g  t o  t r a p  t h e  i n c i d e n t  r a d i a t i o n .  
Lunar s u r f a c e  t e m p e r a t u r e s  d e r i v e d  f rom S u r v e y o r s ,  I ,  111, and 
V I  ( F i g u r e  1 3 )  s u g g e s t  d i r e c t i o n a l  e m i s s i o n  o f  t h e  l u n a r  s u r f a c e  
i n  t h e  morning,  b u t  n o t  i n  t h e  a f t e r n o o n  ( R e f ,  2 4 ) .  The s u r f a c e  
t e m p e r a t u r e  ex t r emes  r ange  from a b o u t  -25OOF d u r i n g  t h e  l u n a r  
n i g h t  t o  abou t  t200'F a t  l u n a r  noon. 

Thermal  C o n t r o l  of  O b j e c t s  on t h e  Lunar  S u r f a c e  

The above d i s c u s s i o n  of t h e  l u n a r  thermai  envi ronment  
c a n  c e r t a i n l y  be summarized as e x t r e m e .  I n  o r d e r  t o  p r o v i d e  
man on t h e  l u n a r  s u r f a c e  wi th  a l i f e - s u s t a i n i n g  envi ronment  
t o g e t h e r  w i t h  t h e  b e s t  o p e r a t i o n a l  equipment  which h e l p s  man 
n o t  on ly  t o  f a c i l i t a t e  t h e  e x p l o r a t i o n  of  t h e  moon b u t  more 
i m p o r t a n t l y  t o  b r i n g  h i m  s a f e l y  back  home, t h e  Env i ronmen ta l  
C o n t r o l  System (ECS) h a s  been deve loped  t o  p r o t e c t  t h e  equ ip -  
ment from o v e r h e a t i n g  or f r e e z i n g ,  T h i s  sys t em has been  
d e s i g n e d  p r i m a r i l y  for l u n a r  day o p e r a t i o n .  The components 
o f  t h e  ECS g e n e r a l l y  were s e l e c t e d  f rom t h o s e  which have p r e -  
v i o u s l y  demons t r a t ed  high r e l i a b i l i t y  r a the r  t h a n  from t h o s e  
t h a t  on ly  showed p o t e n t i a l .  D u p l i c a t i o n  of  t h e  most c r i t i c a l  
components was t h e  l o g i c  o f  t h e  d e s i g n  a p p r o a c h .  It i s  there-  
f o r e  obv ious  t h a t  c e r t a i n  changes  must b e  i n c o r p o r a t e d  i n  t h e  
ECS i n  o r d e r  f o r  t h e  equipment t o  f u n c t i o n  p r o p e r l y  d u r i n g  t h e  
l u n a r  d a y / n i g h t  c y c l e .  Some of  t h e  most obv ious  changes*  i n  
thermal c o n t r o l  a r e  shown i n  Tables  I1 and I11 ( o b t a i n e d  f rom a 
Grumman p r e s e n t a t i o n  on December 1 2 ,  1 9 6 8 ) .  

The l u n a r  day o p e r a t i o n  has one more i m p o r t a n t  a s p e c t  
for t h e  t h e r m a l  c o n t r o l  of b o t h  ex t r emes  - o v e r h e a t i n g  and 
f r e e z i n g  - namely, by p e r i o d i c  t u r n i n g  o f  equipment  (whereve r  
a p p l i c a b l e )  away or toward t h e  s u n ,  On t h e  o t h e r  hand,  some 
of  t h e  d e s i g n  problems a s s o c i a t e d  w i t h  t h e  t h e r m a l  g r a d i e n t  and 
t h e  r a d i a t o r  s i z e  and weight  might  be e l i m i n a t e d  d u r i n g  t he  
l u n a r  n i g h t  o p e r a t i o n .  

* 
These changes  p r o v i d e  o n l y  es t imates  o f  a d d i t i o n a l  power 

r e q u i r e d  t o  make c e r t a i n  LM equipments  o p e r a t i o n a l .  No men t ion  
i s  g i v e n  t o  some more b a s i c  c o n s i d e r a t i o n s  as ,  e , g , ,  what w i l l  
happen  t o  t h e  p r o p e l l a n t  when i t  f r e e z e s ,  what a d d i t i o n a l  power 
i s  needed and what changes must b e  made t o  t h e  a s t r o n a u t ' s  EVA 
s u i t  and t h e  t o o l s  r e q u i r e d  for e x p l o r a t i o n ,  
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SUMMARY 

The r e a s o n s  f o r  l o o k i n g  i n t o  t h e  problem of l u n a r  
e x p l o r a t i o n  under  e a r t h l i g h t  i l l u m i n a t i o n  were s t a t ed  i n  t h e  
i n t r o d u c t i o n  as :  

a .  d e c r e a s e  i n  v i s i b i l i t y  w i t h  i n c r e a s i n g  s u n  e l e v a -  
t i o n  toward t h e  l u n a r  noon, and 

b .  r e s t r i c t i o n s  imposed by t h e  thermal envi ronment  
around t h e  l u n a r  noon on t h e  a s t r o n a u t s  as w e l l  
as on t h e  equipment .  

'The per formance  of t h e  human eye  under  low i l l u m i n a t i o n  
d i f f e r s  from t h a t  d u r i n g  t h e  day ,  b u t  t h e  eye  i s  a v e r y  a d a p t a b l e  
d e v i c e ,  From t h e  i n t e n s i t y  o f  e a r t h s h i n e  i l l u m i n a t i o n  of  t h e  
l u n a r  s u r f a c e  i t  can  be concluded  t h a t  i t  i s  s u f f i c i e n t  t o  e n a b l e  
u s e f u l  work, The word u s e f u l  needs  some more e x p l a n a t i o n .  It  
c e r t a i n l y  w i l l  be  s u f f i c i e n t  f o r  a s t r o n a u t s  w a l k i n g  on t h e  s u r -  
f a c e  as w e l l  as pe r fo rming  some s i m p l e  t a - s k s .  Pe rhaps  i t  might  
b e  n e c e s s a r y  t o  u s e  a n  a r t i f i c i a l  l i g h t  s o u r c e  f o r  some s p e c i a l  
o c c a s i o n s  ( v e r y  low a l b e d o s  i n  c e r t a i n  a r e a s ) ,  However, whether 
t h i s  l i g h t i n g  w i l l  b e  good f o r  l a n d i n g  a s p a c e c r a f t  (LM or LFU) 
on t h e  l u n a r  s u r f a c e  i s  very  d o u b t f u l  ( t h i s  c o n c l u s i o n  i s  a l s o  
s u p p o r t e d  by Apol lo  8 o b s e r v a t i o n s ) .  For  g r e a t e r  i l l u m i n a t i o n  
l e v e l s ,  l a r g e r  e a r t h  e l e v a t i o n  a n g l e s  w i l l  b e  p r e f e r r e d ,  b u t  
h i g h  e l e v a t i o n  a n g l e s  ( s i m i l a r l y  h igh  s u n  e l e v a t i o n  a n g l e s  
d u r i n g  t h e  d a y )  mean d e c r e a s i n g  v i s i b i l i t y  on t h e  l u n a r  s u r f a c e  
b e c a u s e  of t h e  s u r f a c e  p e c u l i a r  r e f l e c t i o n  p r o p e r t i e s ,  Simula-  
t i o n  s t u d i e s  as w e l l  as more a c t u a l  v i s u a l  e x p e r i e n c e  from t h e  
o r b i t i n g  CSM w i l l  be r e q u i r e d  t o  d e t e r m i n e  minimum luminance  
l e v e l s  f o r  s a f e  l a n d i n g  a t  a p r e d e t e r m i n e d  s i t e ,  For l a n d i n g  
n e a r  t h e  even ing  t e r m i n a t o r  t h e  w e s t e r n  s i t e s  a re  p r e f e r r e d ,  

The l u n a r  t h e r m a l  envi ronment  d u r i n g  t h e  l u n a r  n i g h t  
i s  as s e v e r e  as d u r i n g  t h e  l u n a r  noon. The t e m p e r a t u r e  of  t h e  
l u n a r  s u r f a c e  f a l l s  t o  more t h a n  -200OF. While t h e  LM i s  de- 
s i g n e d  t o  o p e r a t e  d u r i n g  t h e  l u n a r  d a y ,  some changes  i n  d e s i g n  
f o r  a n  o p e r a t i o n  d u r i n g  t h e  l u n a r  n i g h t  would be r e q u i r e d ,  

It  seems t h a t  l u n a r  e x p l o r a t i o n  d u r i n g  e a r t h l i g h t  
i s  n o t  t h e  s o l u t i o n  t o  t h e  e x i s t i n g  problem. The v i s i b i l i t y  
o f  t h e  l u n a r  s u r f a c e  and l i k e w i s e  t h e  thermal  envi ronment  w i l l  
n o t  improve.  One o t h e r  p o s s i b l e  approach  t o  l u n a r  e x p l o r a t i o n ,  
which might  s o l v e  t h e  above ment ioned  p r o b l e m s ,  i s  t o  l a n d  on 
t h e  l u n a r  s u r f a c e  d u r i n g  t h e  l u n a r  a f t e r n o o n  and conduct  t h e  
e x p l o r a t i o n  phase  toward  t h e  l u n a r  dusk .  The improvement i n  
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v i s i b i l i t y  d u r i n g  t h e  l u n a r  a f t e r n o o n  i s  shown i n  F i g u r e s  
14 (a )  and ( b )  f o r  two d i f f e r e n t  v i ewing  a n g l e s ,  It i s  s e e n  
t h a t  t h e  improvement i n  v i s i b i l i t y  d u r i n g  t h e  l u n a r  a f t e r n o o n  
i s  e s s e n t i a l l y  independen t  o f  v i ewing  a n g l e .  L ikewise  t h e  
s u r f a c e  b r i g h t n e s s  t e m p e r a t u r e  becomes more t o l e r a b l e  as 
shown i n  F i g u r e  1 3 .  S e v e r a l  s t u d i e s  are  now underway t o  de te r -  
mine t h e  f e a s i b i l i t y  of t h i s  a p p r o a c h .  R e c e n t l y ,  R .  T r o e s t e r  
c o n s i d e r e d  t h e  r e d u c t i o n  i n  l u n a r  s u r f a c e  v i s i b i l i t y  due t o  
g l a r e  d u r i n g  a l a n d i n g  i n t o  t h e  sun .  He p o s t u l a t e d  a n  ana-  
l y t i c a l  g l a r e  model and concluded  t h a t  a d e s c e n t  d i r e c t l y  
i n t o  t h e  sun  p r o v i d e s  good v i s i b i l i t y .  T h i s  i s  q u i t e  a n  
e n c o u r a g i n g  r e s u l t  because  a ma jo r  o b s t a c l e  t o  t h e  c o n s i d e r a -  
t i o n  of a l u n a r  l a n d i n g  a g a i n s t  t h e  sun  has been  t h e  unce r -  
t a i n t y  i n  t he  e f f e c t  of g l a r e  on t h e  v i s i b i l i t y  of  l u n a r  
s u r f a c e  f e a t u r e s .  A f u r t h e r  a d v a n t a g e  of  t h i s  a p p r o a c h  would 
r e s u l t  i n  more o p e r a t i o n a l  f l e x i b i l i t y  by i n c r e a s i n g  t h e  
a v a i l a b l e  l a u n c h  window due t o  m o d i f i c a t i o n  o f  t h e  l i g h t i n g  
c o n s t r a i n t .  

2015-VH-acm 

At tachments  
B i b l i o g r a p h y  
T a b l e s  1 - 3 

A+ V .  Hamza 

F i g u r e s  1 - 1 4  
Appendix 
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APPENDIX 

D e t e r m i n a t i o n  of Mean C o n t r i b u t i o n  o f  
E a r t h s h i n e  t o  t h e  I l l u m i n a t i o n  on t h e  Moon 

Even though t h i s  c o n t r i b u t i o n  o f  e a r t h s h i n e  i s  c y c l i c  
d u r i n g  each  l u n a r  month, s m a l l  v a r i a t i o n s  o c c u r  f rom month t o  
month for a g i v e n  s i t e  l o c a t i o n .  These v a r i a t i o n s  are  i n s i g n i -  
f i c a n t  for p l a n n i n g  pu rposes .  I n  o r d e r  t o  d e m o n s t r a t e  t h e  c a l -  
c u l a t i o n  p r o c e d u r e  a s i t e  l o c a t i o n  o f  4 O o W  l o n g i t u d e  and 0"  
l a t i t u d e  on t h e  p a r t i c u l a r  day of September  1 3 ,  1969 a t  0 h E . T .  
(Ephemeris  T i m e )  were chosen.  

From t h e  1969 American Ephemer is  and N a u t i c a l  Almanac 
( A . E . N . A . )  page 3 2 1  

t h e  Earth's s e l e n o g r a p h i c  l o n g i t u d e  ( X l )  = -4.86" 

t h e  E a r t h ' s  s e l e n o g r a p h i c  l a t i t u d e  ($1) = 1 . 4 6 O  

t h e  S u n ' s  s e l e n o g r a p h i c  c o l o n g i t u d e  ( A 2 )  = 288.54" 

The S u n ' s  s e l e n o g r a p h i c  l a t i t u d e  ( 9 2 )  = 0.07" . 
From page 63 a t  Oh E.T. (GMT) t h e  Moon's h o r i z o n t a l  p a r a l l a x  i s  
56' 1 4 . 4 2 6 " .  

The phase o f  t h e  Moon shows t h a t  t h e  new Moon o c c u r r e d  
on September  12, 1 9 6 9  and ,  t h e r e f o r e ,  t h e  p h a s e  a n g l e ,  8 ,  w i l l  
b e  i n  t h e  f i r s t  q u a d r a n t .  The l o n g i t u d e  o f  t h e  sun i s  h2=A2-900 
or 198.54O. The a n g u l a r  d i s t a n c e  between t h e  e a r t h  and t h e  sun  
as s e e n  from t h e  c e n t e r  of  t h e  moon can  b e  found f rom t h e  l a w  o f  
c o s i n e s  

C O S T  = s i n $  1 s i n $ 2  + cos$ l  C O S $  2 C O S ( X ~ - A ~ )  (1) 

e = T - 180" 

The t o p o c e n t r i c  c o r r e c t i o n s  f o r  40"W l o n g i t u d e  and 0' 
l a t i t u d e  can be computed f r o m  t h e  earth-moon d i s t a n c e  and t h e  
p a r a l l a c t i c  s h i f t  due t o  t o p o c e n t r i c  p o s i t i o n .  The a n g u l a r  d i s -  
t a n c e  of t h e  s i t e  l o c a t i o n  from t h e  earth-moon l i n e  c e n t e r s  i s  
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The c o r r e c t i o n  t o  t h e  c e n t e r - t o - c e n t e r  d i s t a n c e  R i s  

A Z  = Rm c o s $  c o s h  = 1 4 1 4  km 3 3 

where Rm i s  t h e  r a d i u s  o f  t h e  moon (1730 k m ) .  

p e r p e n d i c u l a r  t o  t h e  e a r t h - s u n  l i n e  a re  g i v e n  b y  

The d i s t a n c e s  

AX(pe rpend icu la r  t e  e q u a t e r )  = E s i n $  = -44 km m 3 

= Rm c o s @  s i n h  = -955 km 3 3 AY(paralle1 t o  e q u a t o r )  

The c o r r e c t e d  c o o r d i n a t e s  for t h e  e a r t h  are computed from t h e  
p a r a l l a c t i c  e q u a t i o n s  

RA = Ro + Z 

x1 I = x1 + A Y / R ~  

where Ro i s  t h e  d i s t a n c e  between c e n t e r s  o f  E a r t h  and Moon and 
$ and X are i n  r a d i a n s .  

The d i s t a n c e  Ro i s  n o t  g i v e n  d i r e c t l y  i n  t h e  A . E . N . A . ,  

b u t  can  b e  c a l c u l a t e d  from t h e  h o r i z o n t a l  p a r a l l a x  of  t h e  moon. 
The e q u a t o r i a l  h o r i z o n t a l  p a r a l l a x  a t  d i s t a n c e  60.2665 e q u a t o -  
r i a l  r a d i i  o f  t h e  E a r t h  (384,400 km) i s  57 '  02 .70" .  Thus f o r  
t h i s  day 
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1 

t a n  57' 02.70'' 
t a n  56' 14.426" 

= 389,900 km Ro = 384,400 

and 

RA = 389,900 + 1400 = 391,300 km 

$; = -02548 + (-44/389,900) = .02536 = 1.45" 

A; = .08482 + (-995/389,900) = -.08737 = -5.01O 

= 0" - (e;) = -1.45" 
0; 

1' = -40" - (A;) = -34.99" 
3 

The v a l u e  of  T i s  now computed from e q u a t i o n  (1) u s i n g  ( $ '  A ' )  

and  ($2,A2) 
3' 3 

C O S T  = s i n ( O . O 7 " ) ~ i n ( - 1 . 4 5 ~ )  +cos(0.07°)cos(-~.450)cos(198.54 +34.99) 

and 

8 = 233" 32' - 1-80" = 53" 32' 

From F i g u r e  2 t h e  mean c o n t r i b u t i o n  o f  e a r t h s h i n e  ( t h e  i n t e n s i t y  o f )  
t o  t h e  i l l u m i n a t i o n  o f  t h e  s i t e  (40°W, 0 " )  i s  46% of  t h e  f u l l - e a r t h  
v a l u e .  T h i s  i s  t h e  l e v e l  of  i l l u m i n a t i o n  one would ge t  i f  he  p o s i -  
t i o n e d  a page o f  a book a t  r i g h t  a n g l e  t o  t h e  d i r e c t i o n  toward  t h e  
e a r t h .  However, t h e  s u r f a c e  b r i g h t n e s s  o f  t h e  moon as i t  appears 
t o  a l u n a r  o b s e r v e r  w i l l  d i f f e r  depending  on t h e  a l b e d o  o f  t h e  s u r -  
face and  on t h e  r e l a t i v e  p o s i t i o n  o f  t h e  o b s e r v e r ' s  v i ewing  a n g l e ,  
t h e  e a r t h s h i n e  e l e v a t i o n  a n g l e ,  and t h e  az imuth  a n g l e  ( a n g l e  between 
t h e  o b s e r v e r  v i ewing  l i n e  and e a r t h s h i n e  s o u r c e  l i n e  p r o j e c t e d  o n t o  
t h e  v iewing  s u r f a c e ) .  



I 

8 

I 

.-' 
4 

BELLCOMM, I N C .  

Subject: Lunar Exploration under Earthshine From: Y, Hamza Illumination 

Distribution List 

Complete Memorandum to 

NASA Headquarters 

Messrs. R. J. Allenby/MAL 
D. A. Beattie/MAL 
G. F. Esenwein/MAL 
T. A. Keegan/MA-2 
R. W. Johnson/MTX 
B. Milwitzky/MAL 
W. T. O'Bryant/MAL 
L. R. Scherer/MAL 
W. E. Stoney/MA 
A. T. Strickland/MAL 
R. Toms/MAL 
D. U. Wise/MAL 

Messrs, R. Troester 

Manned Spacecraft Center 

Messrs. R. L, Bond/PD8 
J. P. Loftus/HA 
D. H. Owen/FM 
R. G. Rose/FA 
J. H. Sasser/TJ 
H. H, Schmitt/CB 
J. R, Sevier/PD 
L. C, Wade/TJ 
R. G. Zedekar/CF32 

TRW Systems, Inc. 

Mr. K. Ziedman/Los Angeles 

Bellcomm, Inc. 

Messrs. D. R. Anselmo 
A. P. Boysen, Jr. 
J. 0. Cappellari, Jr. 
W. G. Heffron 
N. W, Hinners 
B. T. Howard 
D. B. James 
J. L. Marshall 
J. Z. Menard 
V, S. Mummert 
P. E. Reynolds 
F. N, Schmidt 

G ,  B, Troussoff 
R, L, Wagner 

All Members Department 2015 
Department 1024 Files 
Central Files 
Library 

Abstract Only to 

Bellcomm, Inc. 

Messrs. D, A, Chisholm 
D. R. Hagner 
I. M. Ross 
J, W. Timko 


